I. INTRODUCTION
Among the public hospital system in Taiwan, the DOH-affiliated hospitals provide the widest services and outnumber other public hospitals. At present, there are a total of 22 DOH-affiliated hospitals providing emergency service. The DOH-affiliated hospitals are distributed everywhere in Taiwan, and are almost available in each County/City. Therefore, their advantages are the robust medical care network and medical care access.
However, since the Bureau of National Health Insurance promoted global budget payment system in 2004, various medical institutions started to face the floating point value of the national health insurance (NHI), leading to the significant reduction in medical income. Moreover, with the decrease in economic growth, openness of information, rapid growth of private hospitals, and gradual decrease in governmental subsidy, the productivity of the DOH-affiliated hospitals has significantly decreased. Therefore, the chronological analysis on productivity index can provide reference value for the operation of the DOH-affiliated hospitals and help establish development strategies.
Many researchers have applied Data Envelopment Analysis (DEA) models to study hospital efficiency [1] - [5] . However, most researches focused on cross-section data analysis, and seldom discussed the impact on hospital efficiency before and after implementing a major policy. In general, all DEA studies would consider performance analysis at a given point of time. However, extensions to the standard DEA procedures, such as the Malmquist Productivity Index (MPI) approach, have been reported to provide Productivity analysis in a time-series setting [6] - [8] .
Many studies have investigated the application of Malmquist model to medical care-related industry [9] - [16] . As a whole, the chronological analysis of changes in productivity mainly investigated three aspects (indices): efficiency change, technological transformation, and MPI to compare the multi-year production efficiency. Therefore, this study used Malmquist model to discuss the change in multi-year productivity of the DOH-affiliated hospitals in Taiwan.
II. METHOD

A. Malmquist Productivity Index (MPI)
The framework employed in the current study can be illustrated by Figure 1 following Fare et al. In this diagram, a production frontier representing the efficient level of output (y) that can be produced from a given level of input (x) is constructed, and the assumption made that this frontier can shift over time. The frontiers thus obtained in the current (t) and future (t+1) time periods are labelled accordingly. When inefficiency is assumed to exist, the relative movement of any given council over time will therefore depend on both its position relative to the corresponding frontier (technical efficiency) and the position of the frontier itself (technical change). If inefficiency is ignored, then productivity growth over time will be unable to distinguish between improvements that derive from a council 'catching up' to its own frontier, or those that result from the frontier itself shifting up over time. Now for any given council in period t, say, represented by the input/output bundle z(t), an input-based measure of efficiency can deduced by the horizontal distance ratio 0N/0S. That is, inputs can be reduced in order to make production technically efficient in period t (i.e. movement onto the efficient frontier). By comparison, in period t + 1 inputs should be multiplied by the horizontal distance ratio 0R /0Q in order to achieve comparable technical efficiency to that found in period t. Since the frontier has shifted, 0R /0Q exceeds unity, even though it is technical inefficient when compared to the period t + 1 frontier. It is possible using the Malmquist input-based productivity index to decompose this total productivity change between the two periods into technical change and technical efficiency change. An input-based productivity index is used since it is generally argued that an input-orientation is consistent with the notion that local government outputs are largely given and the focus is on reducing inputs (proportionately) as much as possible, given technology. The input-oriented Malmquist productivity change index can be written as: 
where E is Efficiency Change, and T is Technology change. If the Malmquist Productivity Index and its components are greater than 1, equal to 1, or less than 1, they indicate progress, no change, or regress, respectively.
B. Bilateral Model
Tone proposed Bilateral mode to calculate efficiencies of two different sets of DMUs groups, where the efficiency value of efficient DMUs is larger than 1, and then apply Rank-Sum-Test to detect which group owns better efficiency. Bilateral mode's linear programming is as follows (where I and II represent two sets of DMUs groups respectively): Table I 
Outputs
Patient days Operations
Outpatients Services
The total number of registered beds within the hospital, including acute, chronic, and special beds
The total number of physicians who are full-time employees, including dentists and Chinese medicine doctors
The total number of health service providers employed in the hospitals, including pharmacists, dietitians, physiotherapists, occupational therapy technologists, and radiological technologist
The total number of nurses employed in the hospitals
The total admission days of inpatient care within a year The total number of inpatient and outpatient surgeries within a year The total number of patients to emergency rooms and outpatient departments (OPD) within a year Table II is the descriptive statistics and correlation matrix. There is a highly positive correlation between the inputs and outputs, indicating that increasing one unit of the input will increase one unit of output accordingly. It is in accordance with the hypothesis of constant returns to scale. And in order to examine whether hospitals have tried their best to reduce the input of resources while maintaining the same level of output, this study applied the input oriented model with constant returns to scale assumption for analysis.
IV. RESULTS
In the chronological comparison of efficiency, Malmquist Productivity Index (MPI) is most frequently used in studies. MPI = efficiency change * technological transformation. When the efficiency value >1, there is a progress in productivity. When it =1, there is no change in productivity. When it <1, there is a regress in productivity.
A. Analysis of Efficiency Change
As shown in Table III . Therefore, the efficiency performance of hospital A declined year by year, suggesting that the production efficiency of hospital A was poor. Hospital A should review their disadvantages and make improvements; otherwise, they will face the difficulty in operation. The situation of hospital C was different. The value of efficiency change of hospital C was >1, suggesting that there was a progress in the production efficiency of hospital C year by year. Therefore, the efficiency performance of hospital C was ideal. Moreover, the efficiency change of hospital R from 2005 to 2007 was =1, suggesting that there was no change (progress or regress) in hospital R. 
B. Analysis in Technological Transformation
As shown in Table IV 
C. Analysis in MPI
The analysis of the MPI of the DOH-affiliated hospitals is shown in Table V 
a progress in the MPI of all the DOH-affiliated hospitals. Consequently, the decline of MPI of hospital U year by year was noteworthy. 
D. Analysis on Hospitals Change in MPI
As shown in Table VI 
E. Comparison Productivity of Alliance Hospitals
In order to improve the medical care service quality of the DOH-affiliated hospitals, the DOH divided hospitals into two regional alliances, hospitals in the northern Taiwan and hospitals in the central and southern Taiwan, according to regional, functional, and complementary characteristics, to facilitate the sharing of medical care resources and to achieve the objectives of improving operational performance and overall competitiveness. Therefore, this study particularly compared the two alliance systems, alliance hospitals in the northern Taiwan and alliance hospitals in the central and southern Taiwan. The calculations using Bilateral model are shown in Table VII . After the Rank-sum-test was performed, this study found that the difference between the two medical systems (P value = 0.065) was not significant, suggesting that the operational efficiency of the alliance hospitals in the northern Taiwan was not different from that of those in the central and southern Taiwan. 
V. CONCLUSION
This study investigated the productivity performance of the DOH-affiliated hospitals in chronological order. The results showed that most of the DOH-affiliated hospitals experienced a progress in efficiency performance, technological transformation, and overall productivity from 2005 to 2006. However, there was a regress in all of them from 2006 to 2007. The reduction in production technology was mainly affected by NHI policies and the change in the management system of the DOH. However, according to the two-year comparison, there was still a progress in 2007, compared with that in 2005. As a whole, only hospital U had an urgent need for improvement, while the rest of the DOH-affiliated hospitals all improved. Moreover, there was no significant difference in the operational efficiency between the two regional alliance systems divided by the DOH.
The DOH-affiliated hospitals are the most important alliance hospitals in the public hospital system. Therefore, they have to improve operational efficiency and competitiveness. In the current extremely competitive medical environment, the DOH-affiliated hospitals have to improve their operational efficiency to acquire competitiveness. Because the current DOH-affiliated hospital alliances have achieved a preliminary effect, it is necessary to expand the cooperation mechanism and make adjustments according to the difference in hospitals. The DOH-affiliated hospitals have implemented regional alliances in order to improve the service level and operational performance of hospitals based on resource sharing, technological exchange, and joint marketing model. Moreover, they also intend to implement market segmentation and inter-hospital technological exchange according to the expertise and characteristics of hospitals, in order to achieve the effect of alliance for mutual learning and growth. Furthermore, it is necessary for them to establish the performance objective, to analyze the competitiveness of medical market, to reduce cost, and to enhance competitiveness, in order to understand their own disadvantages and win the victory.
